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EVOLUTION OF CELLULAR COMMUNICATIONS
SYSTEMS TOWARD 4G
WARDA M. EMHALHAL"

Abstract
With the fast development of wireless communication networks, it
iIs expected that fourth- generation (4G) mobile systems will be
appeared within a decade. The objective of (4G) mobile communication
systems are to work out 3G (third generation) systems problem that still
remaining and to provide widely high quality video to high data rate
wireless channels, and high speed , high capacity ,low cost per bit .

The term 4G not only for cellular telephone systems but it used to
include different types of broadband wireless access communication
systems, ‘’Public to privet’’, broadband network to personal, in addition
will be interoperable with digital (broadband) broadcasting systems, as
well as with 2G and 3G systems. We have not got clear definition of 4G
yet. One of the terms described 4G as MAGIC-MOBILE multimedia,
support of global mobility [3].

Keywords
First Generation Systems (1G) , Second Generation Systems
(2G) , Third Generation Systems (3G) , 4G Technologies

1. Introduction

Nowadays, network technology plays a significant role in the
science and business area. Scientists innovate and develop some new
technologies to fit businesses’ needs and to satisfy people’s demands.
There is a lot of ongoing research and development, and many exciting
new ideas and technologies are under way. Although the new, third
generation (3G) wireless technology has not yet been implemented,
leading companies in the industry are already laying the groundwork for
what some are calling fourth generation (4G) technology. Researchers
are continuing their ideas in the development of an undefined wireless
world, which could become operational by 2010.

The first generation (1G) and second generation (2G) of mobile
telephony were intended primarily for voice transmission. The third
generation of mobile telephony (3G) will serve both voice and data
applications.

* Electronic and Communication Engineering , Department of Engineering, Faculty of
Engineering, University, Sirte, Libya
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There really is no clear definition of what 4G will be. It is generally
accepted that 4G will be a super-enhanced version of 3G — i.e., an
entirely packet switched network with all digital network elements and
extremely high available bandwidth. For the most part, it is believed that
4G will bring true multimedia capabilities such as high-speed data
access and video conferencing to the handset. 4G is being developed to
accommodate the quality of service (QoS) and rate requirements set by
forthcoming applications like wireless broadband access, Multimedia
Messaging Service (MMS), video chat, mobile TV, HDTV content,
Digital Video Broadcasting (DVB), minimal service like voice and data,
and other streaming services for "anytime-anywhere" [1]. It is also
envisioned that 4G systems will be deployed with software defined
radios, allowing the equipment to be upgraded to new protocols and
services via software upgrades. 4G also holds the promise of worldwide
roaming using a single handheld device.

Thus, this report described the technologies that underpin the
migration from 3G to 4G. The discussion focuses mainly on the 4G
enabling technologies related to coding, modulation, signal processing
and multiple access technologies including ultra-wide-band (UWB)
radio, smart-antenna systems, advanced coding schemes, adaptive
modulation, Software defined radio (SDR) and IPv6.

In this report we will evaluate the generation systems from early
first generation (1G) to future fourth generation (4G) ,and focus deeper
in 4G, the goals of 4G, the application of 4G, key challenges of 4G, etc.

Evolution of generation communications systems

Before start discuss 4G technical concepts, let us observe how 4G
develop from 1G.Early on cellular network was based in analog
frequency modulation for voice communication and frequency division
multiple access to allow more users. In spite of their efficacy, these
networks were frequently rickety and provided poor facility.

First Generation Mobile Standards (1G)

The first generation of cellular wireless communications was
implement on analog technology, and became available to be used at the
end of 1970s. It was very limited facility. Although over the last two
decades they have large improve. The most analog systems was
successful are based on the following standards, Nordic Mobile
Telephone (NMT), Advanced Mobile Phone Service (AMPS), Total
Access Communications Systems(TACS) [1-5].
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Second Generation Mobile standards (2G)

2G was first launched at the end of the 1980s. 2G develop digital
wireless standards, it improve voice quality and higher capacity at lower
cost to the customer. The four primary mobile digital wireless standards
currently employ around the world are GSM, TDMA, CDMA, and PDC
all allowed up to 9.6 Khbps.

Global System for Mobile Phone Communications (GSM)

It was discover in 1992 and based on TDMA at the beginning of
commercial service , the basic development of supporting data at low bit
rates (< 9.6 Kbps) was introduced and has been widely used for sending
email from laptop computer[1-5].

Time Division Multiple Access (TDMA)

Known sometimes as ‘“’North American digital cellular,
furthermore, it is implementing in Latin America, Asia pacific, and
Eastern Europe.

¢

Personal Digital Communications(PDC)
The first digital standard in Japan and it introduce on narrowband
because of the limited of information.

Code Division Multiple Access (CDMA)
CDMA has widely used in South Korea and North America.

» Enhanced Second Generation (2.5G)

By increase the bits rates and obtain limited data capability the
second generation extension to (2.5G). General packet radio service
(GPRS) use circuit switching for voice and packet switching for data
transmission leads to its popularity since packet switching provides
bandwidth much more efficiency [1].

> Third Generation Mobile Standards (3G)

3G systems become visible at the end of 2002 and early of 2003,
and it is designed for interactive media use such as internet access, tele
conferencing and other different services. 3G systems implement to
solve many problems faced by 2G and 2.5G, especially in compatible
technologies and low speeds for example (TDMA) and (CDMA).
3G systems provide enhanced communication service such as fax,
internet and voice, anywhere and anytime. ITu’s IMT-2000 global
schemes for 3G have fined the way to enabling innovative applications
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and services. In Japan 2001 was the first 3G networking deployed [1-5].

Technology
/ Features
Start/ 1970/ 1980/ 1985/ 1990/ 2000/
Deployment 1984 1991 1999 2002 2006
Data 1.9 kbps 14.4 kbps 14.4 kbps 2 Mbps 200 Mbps
Bandwidth
Standards AMPS TDMA, GPRS, WCDMA, Single unified
CDMA, GSM | EDGE, 1xRTT | CDMA-2000 standard
Technology Analog Digital Digital Broad Unified [P and
cellular cellular cellular bandwidth seamless
technology technology technology CDMA, IP combination of
technology broadband,
LAN/WAN/PAN
and WLAN
Service Mohbile Digital Higher Integrated Dynamic
telephony voice, capacity, high quality information
(velce) short packetized data audio, video access, wearable
messaging and data devices
Multiplexing FDMA TDMA, TDMA, CDMA CDMA
CDMA CDMA
Switching Circuit Circuit Circut for Packet All packet
access network | except circuit
& air interface; for air
Packet for core mterface
network and
data
Core Network PSTN PSTN PSTN and Packet Internet
Packet network network
Handoff Horizontal Horizontal Horizontal Horizontal Horizontal and
Vertical

Table 1: compares the different wireless communication technologies [9]

4

Fig.1.communication technology progress as tree [8]




Fourth Generation Mobile Standards (4G)

History of 4G

4G is basically a wireless phone standard have own life. The basic
analog and digital cellular services were implemented to cut the landline
phone services and provide normal telephone service people could take
with them. But they offer bandwidth for adding data was pretty meager.
Simply, this is the wireless telephone family, than the wireless phone
family completed with the wireless internet family. Currently that a
wireless /cell phone is not just a cell phone, but also a camera, a
messaging system, a PDA, an email reader, an internet browser. This is
the place where whole ‘G’ ’thing started. 3G has proven to be difficult
generation to apply.

While 3G phones and services are just starting to become triple play
models, where data, voice, and video get bundled called (3.25G)
technologies.

An emerging cellular standard have get broadband data speeds
(20Mbps) which enable high quality video transmission and fast
download of larger music files [2] .

The goal of 4G

Some of the benefit features in 4G systems are as following:
High quality of services, anytime, any where, and with any technology.
Better spectral efficiency.
Support for interactive multimedia, voice, streaming video, internet, and
different broadband service.
High speed, high capacity, and low cost per bit.

Server farm, \

., Sateway, prosies

Fig.2: Atypical IP based network [ 3]
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Better scheduling and call admission control techniques.
Global access, service portability and scalable mobile service.

Clearly 4G must be better than 3G in terms of applications,
technology as well as services. In the near features the goal of 4G will
replace the core of cellular networks with a single worldwide cellular
network based on the IP for video, voice and multimedia services as
shown in figure 2 below [3-4].

The table below comparing main Parameters of 4G with 3G:

I N

Primarily for voice;
data is an add-on
feature

Key Requirement

Data and voice
converged over IP

Architecture

Wide-area cell-based

Wireless LAN and
WAN

Frequency Band 1.8-25GHz 2-8GHz
5 - 20 MHz (might
Bandwidth 5-20 MHz even go to 100 MHz
or higher)
Up to 2 Mbps (384 Up to 20 Mbps
Data Rate kbps peak, 200 kbps | (might even reach

WAN)

100 Mbps)

Access Technology

Wide-band CDMA
(W-CDMA), EDGE

Multi-carrier CDMA
(MC-CDMA)or
OFDM

Forward Error
Correction (FEC)

Convolutional Rate
1/2 ,1/3

Concatenated codes

Switching Circuit/packet Packet

Mobile Top Speeds 200 km/hr 200 km/hr

Deployment In progress 2006-2010
Table2: [10]



Application of 4G

Some of the applications of 4G are:

Virtual presence: 4G will give users services at all time, even if they are
off — site.

Virtual navigation: user can access a database of streets, buildings,
and physical characteristics of a great metropolis, requires high speed
transmission.

Tele-medicine: 4G will support the remote health monitoring of
patients such as video conference assistance for consultant.

Tele-Geo-processing application: the combination of geographical
information systems (GIS), global positioning systems (GPS) in which
consumer will get location querying.

Education: 4G will provide a cost effective alternative for people in
the world to continue their education on-line [4].

4G Technologies

1. Smart antenna:

The key technology of 4G mobile communication systems is
adaptive digital beam forming for smart antennas. Such as multiple —
input multiple output (MIMO) systems, which use multiple antennas at
both the transmitter and receiver to provide more capacity of the
wireless channel [12].

At the same time reduce possible interference effects from other
terminals in the area cell. Work by different organizations have found
that a MIMO system combined with adaptive coding and modulation,
interference cancellation, and beam forming technologies, can boost
useful channel capacity by at least an order of magnitude. Figure 3
shows a general bloke diagram of a MIMO schemes. [10]

MOBILE TRANSMITTER ROOFTOP RECEIVER

—
In1 ——— T »
TRANSMITTER RECERER SIGNAL PROCESSING
» iming
recovery and sym
syncl ation

Fig.3 MIMO System Configuration [4]
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2. Ultra Wide-band (UWB)

UWB is an equipment transmits narrow RF pulses-low power and
short pulse period means the signal, although of wide bandwidth, falls
under the threshold detection of most RF receiver.

The advantage of UWB is immunity to multi-path distortion and
interference. Multi path propagation occurs when a transmitted Signal
takes different paths when propagating from source to destination.

UWB is an attractive technology for mobile communication, providing
high data rates while minimizing bit errors. UWB is being targeted for
short range application and will likely be an important component in 4G
systems at the WPAN level [11]

3. Adaptive Modulation and Coding systems

Nowadays, adaptive modulation techniques have been combined
with MC-CDMA based transmission technology to increase data rates.
For 4G wireless systems, which demand very high data rates up to
1Gbps with the constrains limiting higher data rate being severe Inter
symbol Interference (ISI) due to multipath and the limited spectrum,
such kind of adaptive modulation based multi-carrier systems applied to
a wide-area environment, can achieve very large average user
throughputs[13].

Concatenated coding and Low Density Parity Check (LDPC) are
two highly developed coding schemes that predicted to be used in 4G
systems. Which are: Concatenated codes and Low Density Parity Check
(LDPC)

4. Software Defined Radio

A Software Defined Radio (SDR) system is a radio communication
system where components that have typically been implemented in
hardware such as Mixers, filters, amplifiers, modulators/demodulators,
detectors. etc.) are instead implemented using software on a personal
computer or other embedded computing devices. While the concept of
SDR is not new, the rapidly evolving capabilities of digital electronics
are making practical many processes that were once only theoretically
possible. SDR is one form of open wireless architecture (OWA). Since
4G is a collection of wireless standards, the final form of a 4G device
will constitute various standards. This can be efficiently realized using
SDR technology, which is categorized to the area of the radio
convergence. As radios progress from analog to digital, more radio
features can migrate to software. As standards, frequencies, and
waveform change, the radio can be easily upgraded by simply changing
the software module. Thus, SDR promises to revolutionize the
communication industry by delivering low-cost, flexible software

8
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solutions for wireless mobile communication protocol[14]
Conclusion

The first generation, 1G wireless mobile communication systems,
was analog and the speeds up to 2.4kbps introduced in the early 1980s
and completed in the early 1990s. The second generation, 2G system,
fielded in the late 1980s and finished in the late 1990s, was digital signal
for voice and the speeds up to 64kbps. The third generation, 3G wireless
system, was provided the transmission speeds from 125kbps to 2Mbps
developed in the late 1990s and might be well-done in the late 2000s.
The fourth generation (4G) does not really exist yet. Basically speaking,
4G is an evolution to move beyond the limitations and problems of 3G.
The speeds of 4G can theoretically be promised up to 1Gbps.

The differences between 3G and 4G are data rate (speeds), service,
for example global roaming, interface with wire-line Internet, QoS and
security. 4G just right started from 2002 and there are many standards
and technologies, which are still in developing process. Therefore, no
one can really sure what the future 4G will look like and what services it
will offer to people. Besides, it is also difficult to predict which coding,
modulation and multiple access techniques will emerge in 4G systems.
However, we can get the general idea about 4G from academic research;
4G 1s the evolution based on 3G’s limitation and it will complete the
idea of World Wide Wireless Web, offering more services and smooth
global roaming with lowest cost.
4G should make a huge different and afford perceived benefit to a
regular person’s life over 3G.
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MEASURING THE NETWORK RELIABILITY OF
THE DEVICE PLACEMENT LOCATION
FARHAT MAHMOUD EMBARAK”®

ABSTRACT

In communication and computer networks, The Device Placement
Location (DPL) is concerned with locating the placement of the
corresponding electronic device (such as Hub, switches, routers... etc.)
within certain existing user locations. It considers the cost of the device
placement location and routing users. This will involve deciding which
user locations will have devices placed at them as well as deciding an
assignment of users to device locations. This paper measures the
reliability of the DPL and assigns the users to the DPL by building the
DPLRC & DPLRC algorithms. In fact, our model is similar in spirit to
the DPL COST. However, there is a striking difference between them.
Here, the users are assigned to the device locations with maximum of
network reliability. It is implemented to run in O (nm log (n2/m)) time. In
this paper, we discuss the relationship between device locations, routing
users, and the effectiveness of the cost on the increase in the DPLs with
the aid of tradeoff curves and tables. We also look at the performance of
the algorithms by measuring the CPU time taken to find the DPLSs.

Keywords:
The network reliability, the location problem, the facility location,
the device placement location, and the Graph Theory.
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1. INTRODUCTION

Networks involving electronic devices such as hubs, switches,
wireless senders...etc. These devices are important in transportation and
telecommunications. In both settings, when there is traffic between several
sources and destinations, there are economic benefits if this traffic is
concentrated on some nodes and/or edges that are reliable and cover the
much number of user's demand of the network. An electronic device is a
node of the network or device placement location of the network that
concentrates traffic from several sources and distributes it to the final
destinations, or send it to a second device placement location, which
distributes it to the final destinations. Optimal selection of certain nodes as
the device placement locations, leads us to new field in networks that is
called the device placement location (DPL). The DPL is known as the
network location problem, it is a major part of the location theory
[19,23,28]. In the case of network, the location theory is concerned with
the notion of deciding where to place a number of DPLs. The task of
solving a location problem is termed to make a location decision. The
optimality of a decision depends on the specific problem. It is, therefore,
obvious that there is a wide range of criterions used [22].

2. THE NETWORK MODEL

A graph model used in this paper shown in [13,21,33] is represented
by the graph theory. The graph theory is used to give a pictorial
representation of any kind of relationship between entities. The relations
can vary from being a set of roads between towns to communication links
between interconnected nodes. The fundamental concept of the graph
theory is the graph which is best thought of as a mathematical object
rather than a diagram, even though graphs have a very natural graphical
representation [11,21].

3. EDGE-WEIGHTED GRAPH PARAMETERS

Graph parameters represent the weight of the edge and/or nodes [22].
We might want parameters such as the fastest or cheapest way to route a
data packet between two computers ,
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The best way, which covers the maximum demand of computers, and/or
the most reliable way to route a data packet even after a failure in some
ways of network. Based on the problem being studied, we may use some
or all of these parameters. In this paper, they are associated with each pair
of placement locations and specified as the weight of the node and edge,
which joins the corresponding pair of nodes. Each node has two weights,
namely cost and demand. Cost and reliability are the two weights in each
edge. These weights might represent several parameters. For example: the
cost of transporting components, the cost of setting up a communication
link, the time required to communicate or the reliability to communicate
between the pair of placement locations, the demand needed on placement
locations, and so on.

100

C E
Fig. 1: the 6- node graph

4. THE ALGORITHM USED TO MEASURE NETWORK
RELIABILITY

We have used the Hao-Orlin Algorithm to measure the network
reliability in an undirected graph. It is an implementation of the Gomory-
Hu algorithm. A key concept of the Hao-Orlin algorithm is that of frozen
layers. A frozen layer is a set of nodes or edges in which different layers
are distinct. A node is frozen if its edges form a new frozen layer,
otherwise it is alive. We denote the set of frozen nodes by F, the set of
frozen edges by Q and the set of alive nodes by A. Initially all nodes are
alive. When gap relabeling discovers a set of edges disconnected from the
source (or sink), these edges form a new frozen layer. This layer is put on
a queue Q of layers [4,10]. It is implemented to run this algorithm in O
(nm log (n2/m)) time. The main reason behind choosing the Hao-Orlin
algorithm is in [4] on experimental study of recent minimum cut
algorithms. This algorithm has been chosen to conduct experiments on
evaluating the relative performance of minimum cut algorithms. It has
been proved that the Hao-Orlin algorithm has the best performance. More
details on the Hao-Orlin algorithm can be found in [4,10,16].

5. THE DEVICE PLACEMENT LOCATION

In this section, we show two algorithms to find the device placement
location (DPL) and an assignment of users to device locations. It is based
on Hao-Orlin algorithm that takes into account some parameters of the
locations, such as the reliability, cost, and demand. In other words, we aim
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to find a set of K nodes, from the given set of N nodes, which constitute
the device placement location. As a result, the reliability parameter of this
location is maximized. The demand of each customer is the greatest
assigned demand of this location, and combined cost of placing the device
placement locations and users to their assigned device locations is as
minimum as possible. The algorithms assume that all nodes are fixed and
perfectly reliable. Each pair of nodes can be connected by a single edge.
The system fails if any node is not connected, through some path to any
other node, i.e. the network does not form at least a spanning tree. The
number of devices to be placed is not fixed.

5.1 The DPLRC Algorithm

The basic concept of the DPL with Reliability and Cost (DPLRC)
algorithm is very similar to the minimum cost r-rooted 2-height spanning
tree method [26]. However, there is a little difference between them. The
former computes the minima cost of the device placement location,
considering the fact that the reliability of the device placement location is
maximized. It means that the reliability measures between placing the
device and routing the users to their assigned device locations is possible
with the aid of the Hao-Orlin algorithm. In the latter, the path between the
place of the device placement location and the farthest node is at most two
edges.

5.1.1 THE ALGORITHM DESCRIPTION

Let us assume that a given graph G has a specified node ‘r’ and it is
joined to all the other nodes, setting cru= fu, Fig. 2. The algorithm divides
the nodes into two collections: a total assigned collection and a partial
assigned collection. An r-rooted n-height spanning tree of G is a spanning
tree T that clearly corresponds to a solution for the device placement as
follows:

Fig. 2: Solutions for the device placement location for example in Fig. 1

The nodes at height 1 correspond to the nodes where the devices are
placed. The node ‘u’ that is at height n from the root in the tree
corresponds as follows: Let ¢ be the minimum cost of linking u to an
existing node, that has a device location, and fu is the cost to place a
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device at node u. If ¢ < fu, then it is possible to measure the reliability. If
(R> maximum reliability threshold R,), the node u is assigned to an
existing node that has a device location as total assigned and put in the
total assigned collection; otherwise, it is assigned to an existing node that
has a device location as partial assigned and put in the partial assigned
collection. When the algorithm detects a node placed at a new location,
the partial collection is tested. Fig. 3 depicts the example of the process of
the algorithm suggested in Figs 1 and 2. It also shows the solutions for a
graph that consists of six nodes and eight edges. In Fig. 3, a node with a
circle contains a device, and the bold edges are used in the solution to
service nodes. For the spanning tree model, the bold edges are the edges in
the solution. In this figure, nodes A and E serve node B, it is also partially
assigned to nodes A and E with maximum reliabilities of 0.50 and 0.40
respectively. Other nodes are totally assigned to nodes A and/or E, with
their reliability greater than the maximum reliability threshold (in this
example the maximum reliability threshold is 0.5).

B

C E
Fig. 3 the example of the process of the algorithm suggested in Fig. 3.2

5.2 THE DPLRD ALGORITHM

To ensure that demand at different users is satisfied to a given
placement locations service, network design models usually include cost,
demand, distance and/or reliability as service requirements [24,28]. The
service requirement is often represented as the minimum cost between the
user and demand location. It may be represented also as the maximum
reliability with demand, which is defined as "the probability that a
required demand can be supplied from source to sink through the multi-
state links" (Jose E. Marquez, David W. Coit, and Michael Tortorella
2004). Generally, the algorithm used to determine the DPL using
reliability and demand may be formulated as follows:

In Fig. 4, x1...x, denote the nodes of graph G, S; ... Sy3 denoted to
the nodes where the devices are placed (the device placement location),
and Cs,;... Csp13 denote the cost of the device placement location.
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Fig. 4 the formulating of the DPLRDP algorithm.

5.2.1 THE ALGORITHM DESCRIPTION

This algorithm is based on a given graph containing a set of N nodes
and a set of E edges. It also includes some parameters such as 1) a set of
Di specified demand patterns at the node i, where i=1...n, 2) a set of
specified reliability values at each edge rjj, where i and j=1...n and 3) a set
of Ci specified cost patterns at the node i1, where i=1...n. The algorithm
chooses one node as a starting node (device placement location) Sn, which
can contain the maximum number of demand users Di. The user u that
satisfies minimal demand Du with Sn is added to the next starting node
set. The assignment of node u to the starting node Sn is with the maximum
value denoted as DuxRxs-u. The algorithm processing will be finished
when the total cost of the starting node set Csn exceeds the minimum cost
threshold CO. The nodes in starting node set correspond to the nodes
where the devices are placed (the device placement location).

6. DESIGN OF OUR SYSTEM

The device placement location consists of three modules, namely
Hao-Orlin algorithm, the DPLRC algorithm and the DPLRD algorithm.
Hao-Orlin algorithm can be executed, either separately or jointly with the
DPLRC algorithm and the DPLRD algorithm. We have adopted a
graphical notation known as UML [9]. It is describing the system more
precisely than English is, but less detailed than programming code. Our
system is divided into two groups of UML diagrams. The Use Case
diagram, the class diagram, and sequence diagram. Fig. 5 depicts The Use
Case diagram of our system.
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Fig. 5: The Use Case diagram for the DPL system.

7. TESTING THE SYSTEM

In recent years, the unit testing process has become more popular
and more structured than before. In computer programming, unit testing is
a test (often automated) that ascertains whether or not the individual units
of source code are working properly. A unit is the smallest testable part of
an application. In object-oriented programming, the smallest unit is a
method, which may belong to a base/super class, abstract class or a
derived/child class [1]. We have used the Unit Testing Support of Visual
Studio 2008 to test the classes of our system. With the aid of the Unit
Testing support, it is very easy for developers to create, execute and repeat
unit test cases.

8. RESULTS

We will test the DPLRC and DPLRD algorithms using the three
network examples. The first two networks are the 13-node set which can
be found in [14,26] and the 30-node set which can be found in [15]. The
third network is an example of the 125- node set, which is used to
experiment with the synthetic data. In this paper, we show only the results
obtained for the DPLRC & DPLRD algorithms with the synthetic data
(Tables 2 & 3). In order to test our algorithms, we randomly generated 26
instances on 125-node network for each algorithm. We start the synthetic
data experiment with a network whose size is 50 nodes. Later, the same is
repeated with networks bearing 75, 100, and 125 nodes. The
transportation cost Cij weight is randomly generated in the interval [20,
100], the reliability of edges is distributed in [0,1], and the demand Di and
fixed cost Ci weights are randomly generated in the interval [50,200].
Tables 1 and 2 summarize the final results obtained for the DPLRC and
the DPLRD algorithms respectively. Tables 1 and 2 summarize the final
results obtained for the DPLRC and the DPLRD algorithms respectively.
Both these tables share some common characteristics: i) the #Nodes
column gives the total number of nodes in the network ii) the column
marked # Edges gives the total number of edges in the network. iii) the
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column marked #DPL gives the total number of the device placement
locations. iv) the column marked CPU Time gives the total number of
CPU seconds required. In Table 1, the column marked #TC gives the total
cost of the DPL. The numbers of the total and partial assigned users are
shown by the columns marked #TA Users and #PA Users. In Table 2, the
column marked #DPL with the cost threshold gives the total number of the
DPLs whose minimum cost thresholds are set to 500, 800, 1500, and 2000
in columns C-thrl, C-thr2, C-thr3, and Cthr4 respectively.

flodes fEdges #DPL UﬁZis Uﬁﬂis #TC CPT time

40,30, .. =24 1z 47 1&635 0&_ 0o

] £l Z0 35 1230 04_z27

70 17 14 38 =1 0784

20 15 13 1) 205 13 882

£ 100 10 18 L7 43z 11 &4
1z0 2 1z 23 439 13 54

150 7 ZZ E4 EE 1Z_80

Z00 1 14 E7 110 7513

50,40, =23 17 73 1e23 Z8.73

70 4 ZB &9 1474 £4.81

20 3 £3 Te l0g3 e

75 100 EZ 24 gz 1036 2983
1z0 13 a0 a3 708 3239

1E0 14 a0 2l 1155 L0 34

Z0a 15 3z a9 217 459 93

70,80, .. =39 33 =l Z430 2302

a0 38 a0 91 1932 3647

100 100 38 31 a0 042 3756
120 35 27 QL 1835 48,19

150 3z 38 109 1683 &0, 25

200 ZE 36 122 1473 22,77

70,50, .. =45 4z 10& £9e0 &7_67

20 40 47 115 2134 BE_Bd

100 43 L4 =1 2357 G237

1z 120 29 36 126 14365 7105
1E0 24 L4 124 285 9339

200 28 L8 140 1878 l40.88

Table 1: The final result of the DPLRC Algorithm for synthetic data.
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fHodes #Rdges $LPL with Cost threshold Averag? of
C-thrl o-thrZ o-thrl C-thrg | CPO time
1] 4 2 14 17 1. 64
70 & ] 14 15 1.7&
a0 I 2 13 17 138
50 100 4 7 1z 16 1.92
120 4 ) 1z 15 Z.05
1E0 5 7 13 15 Z.E9
z0oo 5 7 1z 18 z.8l
50 3 7 13 17 3.6l
70 4 & 11 14 .48
20 1 7 1z 15 8_EL
75 100 4 & 11 1k 230
120 4 7 1z 1& 2.42
1t0 5 7 11 1kt 2.75
Z0o0 5 2 13 15 943
50 4 ) 10 14 £1.687
70 3 L 1z 17 £1.64
20 4 7 11 15 £1.7E
100 100 1 & 1z 15 £1.74
1z0 2 L 10 14 Z2.4Z
1E0 I 7 1z 18 Z2.92
Z00 4 ) 1z 12 353
50 4 7 17 16 43 11
70 5 7 13 17 43 03
20 4 7 1z 15 4917
125 100 4 & 10 14 49 04
120 4 7 1z 15 49 12
1E0 4 & 11 15 Lo, o0&
200 2 L ] 13 Lz.07

Table 2: The final result of the DPLRC Algorithm for synthetic data.

9. DISCUSSIONS OF RESULTS

In this section, we discuss the relationship between the nodes, edges,
and the effectiveness of the cost on the increase in the DPIs with the aid of
the tradeoff curves and tables. However, from Fig. 6, we can see that if the
total number of nodes increases, then the number of DPLs. From Fig. 7,
an increase in the total number of edges leads to a decrease in the number
of DPLs. From Fig. 8, the minimum cost thresholds influence the DPLRD

50

40

30

The DPL

20

10

30 ] 100 125

Tne number of nodes

ﬂ';ent.mhefafedges|+F[:-+9[: 100 120+153+2m|

Fig. 6 The DPLRC algorithm for the synthetic data experiment (Number of nodes vs.
DPL)
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algorithm. Figs. 9, 10 and 11 given below illustrate the performance of the
algorithms. We measure the CPU time taken to find the DPL when we
increase the total number of nodes and edges. From Figs. 9, 10 and 11. We
learn that the CPU time increases if the total number of nodes and edges
increases in both algorithms.

70 90 100 120 150 200
The number of edges

The number of nodes [-.-50 —a—75 . 100 = 125]

Fig. 7 The DPLRC algorithm for the synthetic data experiment (Number of edges vs. DPL)

20
15 .-r"".:':ﬁ

0 =

The number of DPL
on
k\

500 800 1500 2000
The Cost of DPL
|+ 50 Nodes —s— 75 Nodes 100 Nodes 125 Nodes |

Fig. 8 The minimum cost thresholds influence on the DPLRD
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The number of nodes
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Fig. 9 The synthetic data experiment (number of nodes vs. time)

Time (Sec.)

225
215
21

19.5
19

70

50 o0 120

The number of edges

Fig. 10 The synthetic data experiment (number of nodes vs. time)

Time [Sec.)
coB8 885883

-
T0 20 100 120 150 200

The number of edges

Fig. 11 The synthetic data experiment (number of edges vs. time)
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10. CONCLUSION

We have accomplished the objectives of this research by
implementing the DPLRC Algorithm with the reliability and cost
parameters and the DPLRD Algorithm with the reliability and demand
parameters. The Hao-Orlin Algorithm has been used to measure the
network reliability in an undirected graph. All the three algorithms
mentioned above have been analyzed and designed by the use of UML.
They are implemented by the use of C#NET programming language.
Moreover, they have been tested with the three network examples (two
networks as real data and one network as synthetic data). The synthetic
data randomly generated 26 instances on a 125-node network for each
algorithm. The results obtained from the experiments are summarized as
follows: 1) The DPLRC algorithm varies according to the total number of
nodes and edges. 2) The minimum cost thresholds influence the DPLRD
algorithm. 3) The DPLRC & DPLRD algorithms depend on the Hao-Orlin
Algorithm that is considered as the best exact algorithm used to compute
the network reliability. 4) In all the experiments that we conducted, the
DPLRD algorithm has produced fewer numbers of DPLs than the DPLRC
algorithm.
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THE OSCILLATION OF SECOND ORDER NONLINEAR

DIFFERENTIAL EQUATION
Mussa Yousef Hamad Mohamed”

ABSTRACT

In this search, we study the oscillation of the following second — order nonlinear

damped differential equation :

(r®k; (x(@), %)) + POk (x(0), x(®))x(®) + qOf(x(®)) =0,t=¢t, (¥
and some results of oscillation .
L e g GBlaiy Loy U Adad pual) Al 4550 ol Al Aabaadl o3 o pais Candl 12a
(r®k; (x(@®), %)) + POk (x(0), x(®))x(@®) + qOf(x(®)) =0, t>¢, (¥

Keywords: ODE; Oscillation; second order; Nonlinear; Damping; Nonoscillation

1- Introduction

Consider the second — order nonlinear damped differential equation

(r®ky (x(@®), %)) + pOky(x(®), x(®))x(®) + q(Of(x(1)) = 0,6 =t,  (*)
where ty is a fixed real number,r € C ([ty, ), (0,2)), p,q € C([ty,),R),

f€C(R,R),and k,, k, € C(R%4R)

It is to be assumed that the functions r and k, are continuously differentiable in their
domain of definitions .

Throughout this search, we shall also assume that
(A1) pt)=0 forall t=>t,,xf(x)>0 V x=#0,

«+1
(A)vk,(u,v) = B1lk;(u,v)| = forsome B; >0 V (u,v) €R? where 0 <
<1

1 «+1
(A3) vk, (u,v) fx(u) = Bolk,(w,v)| = forsome S, >0V (u,v) € R?,

(As) f(x) existand f(xo)(_l >[(3>0,
If GOl o<

* Department of Mathematics / Ajdabiya university-Libya
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for some positive constant f; and vV x € R — {0},

or:

By a solution of (*),we mean a function x € C*[T,, ®), T, > t,, which satisfies Eq.(
*). In the sequel, we restrict our attention only to the nontrivial solutions of Eq.(1), that is , the
solution x(t) such that sup{ |x(t)|:t>T} >0 forall t>T.

A nontrivial solution of Eq.(*) is called oscillatory if it has arbitrarily large zeros,
otherwise, it is said to be non-oscillatory. Eq.(*) is called oscillatory if all its solutions are
oscillatory.

A close look at the from of Eq.( *) under the assumptions (A,)- (A3) reveals that
Eq.(*) can be considered as a natural generalization of the following equations
[r@®y(x())x(®)] +p®Ox(0) + q(®)f (x(©)) =0, t=t, (**)
Before giving the main results, we introduce some notations.
LetD = {(t,s):t =s > t,} denote a subset in R% we say that a function H=H(t,s)
belong to a function class F, denoted by, H € F. If H is continuous and satisfies the
following conditions :
(Hy) H(t,t) =0 and H(t,s) >0 for t>s=>t,,

OH(t,s)

(Ho) o <0 and % = —h(t,s)\/H(t,s) for (t,s) €D,
Where h e C (D,R),

H(t,s)

H(tto) Oo] < %,

(H3) 0< inf:gzto l[ limt—)oo lnf
Specially, if we take ,

HEs) = ([[2)", m>x,

For an arbitrary positive function€ € C1[ty, ) with f‘:%dr = o
we will find that the function H(t,s) satisfies conditions above. consequently, when

&(t) =1 we have H(t,s) = (t—s)™, and when &(t) =t we have H(t,s) =

(nH )m.

2- Oscillation results if f (x) is monotonic

In this section, we shall consider the oscillation of Eq4.(*) under the assumptions

(41) — (Aa).
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Theorem 1.

Suppose that assumptions (4,) — (A,) are satisfied. If there exist H € € (D) satisfying (H;) — (H,)
and a positive function p € C* ([t,, ©), (0, ©)) such that.

t
lim sup (L t) J; 0[H (t,5) q(s)p(s) —
o« H(t,s) p()r**ti(s)h,“* (¢, 5)
(oc +1)*+1 (sz(s) + ﬁ1ﬁ37”(5))oc

PG h(ts)
p(s)  JHES|

ds =00, (1)

where h,(t,s) =

then Eq .(1) is oscillation

proof
Suppose that x(t) be a non-oscillatory solution of Eq.( *) without loss of

generality, we may assume that x(t) > 0 on [Ty, o) for some sufficiently large

Ty = to. Letus define

r(O)kq (x(¢), %(¢))
w(t) = p(t) ) , t 2T, (2)
Then differentiating(2) and using E, .( 2.1) we obtain
p(t) p(®)p()ka (x(2), x())x(¢)
W(e) =25 w (O = a(p© - D)
Tk (x(©)x(0) . ;
- PSR (0 f(x()p(®) (3)

By using assumptions (4;) — (A,),we obtain

PPk (D), XOIE) _ ~pOpOflhy (O, 5D % [ (x(1)
' FG(O) = o)
< —p(t)ﬁzlx(lt)l Ifx(t)l % (X(t))

fx@)r « (t)p « (t) p~(1)

o+1
) -1
< OB le(x(t))l = (x®)f* (x(®)
poc(t)r « (t)
1

<+

- (t) w(t)| o .

N (i)
p«(t)r < (t)

<

o«+1
, —r(O)kq (x(),%(6)) () f (x(£)p(t) < =7 () B1lky (x(),%(1))| "% f(x(t)p(t)
F2(x(t) - F2(x(t)
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—r(t)B1IW(t)I @ f @ (x(t))f(X(t))
f2(x(t))r S (t) p“(t)

< —r(t)ﬁllw(t)le(x(t))
= x=1 <F1

[ (x(@)r < (1) p“(t)

a+1
. T®ky (x(®), x(t))x(t)f(x(t))p(t) T(t)/?1|W(f)| a B3 (ii)
o o+1
f2(x(0)) p°<(t)r < (£)

Substitute (i) and (ii) in (3) implies that w(t) satisfies the differential inequality.

P(O)B, WD) ) .
W(©) < 2D WO - 10 - O rop 'W(”JH L
px (£) r e (t) pOC(t) re
Ww(t) < pé,;W“) — a(Op(t) — POB WO & < - ro((231|w(t)| = B,
p(t) 7 (t)
(t) < %W(t) - Q(t)p(t) P(t)ﬁz+—[ﬁ’;fiﬂ'(t) |W(t)|o<7+1, t> To (4)

pe (£) T (8)
Multiplying (4) by H(t,s) (with t replaced by s), integrating with respect to s from

to t for t=>17>T, ,using integration by parts and (H,), we have

jH(t, 5)q(s)p(s)ds < H(t,t)w(1) +jH(t, s)h,(t,s)|w(s)|ds
t
fH( )ﬁzp( )+[i1+[i3r( )| (s)lKTﬂds
T px (s) v < (s)
f:H(t, s)q(s)p(s)ds < H(t,T)w(t) +
t o+1
[ e meomwe) - B LD o e, )

p“(S)rT(S)
where h, (t, s) is defined as the above. for given t and s. set
B2P + B1B3r (°‘+1)
— U

F(v) == hyv— o1 v>0.
p& roo«
. 1 . . .
Because of F(v) = hy — “:1[32?—%17 , F(v) yields its maximum at
pxT
1 x+1
1 hy < pxr
VX =
(< +1)(B2p + B1B37)

[>¢

oy = ol < x hy )
P\« +1)(B,p + Bufsr)

28



and

x+1
(BaP + i) (v )
F(v) = hyv — T o+l
p& ro«<
x+1
_ r**tp o pyt _ (B2P + B1f357) r**tp o< by <
(< +1)%(B2P + P151)* pé rocTﬂ (< +1)%(B2P + B1f31)"
(oc+1)? (0<_+1)
_ r*lp o hytt T X pre o« R (B, P + B1B5r)
- < o« 1 o+1
(< +1)*(B2P + B1B37) px 1% (o +1)H1L(ByP + By far)*H1
B ro<+1p oc* h;c+1 B p roc+1 ococ+1 hi<+1
(< +1)*(B2P + B1B3r)™ (X +1)*+(ByP + B1f37)™
_ (OC +1)ro<+1p oc% hic+1 _ pro<+1 c>cc><+1 hi(+1
(o< +1)**1 (BoP + 1 f51)*
| Pl oeHL L bl o AL el oL et
(o< +1)*1 (BoP + 1 B57)*
B roc+1p oc® hi(+1
— (c+1)*HL (B,P + By Bar)™
_ 0(°<r°<+1ph(f+1
F) < Fmnax = et oo ©)
By using (6) we have
t a® t r®*1(s)p(s)nét1(t,s)
< -
JH(t,5)q(s)p(s)ds < H(t, )w(T) + P JOH(t,s) RO EIG (7

Hence, forallt >t > T,
]t a® r““(s)p(s)hf“(t, S)
T

H(t $)a(s)p(s) = it (B2P(s) + B1Bar(s))”

H(t,s)|ds < H(t,T)w(r)

<
H(t, to)w(7)
(8)

Using the inequality (8) for T = T, we get
t

J

to

o () p($)REHI(L, )
(< +1)°*1 (B,P(s) + By Bsr(s)) "

H(t,s)q(s)p(s) —

H(t, s)] ds
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To

g

to

H(t,s)q(s)p(s)

_a® rU(9)p()hTI(E )
(@ + DY (B,P(s) + B1Bar(s))”

H(t, s)] ds

gl

To

H(t,s)q(s)p(s)

_a® i NS)p()hTTE )

(< +1)**% (8,P(s) + By B3r(s))”

a® o t()p(s)hSHI(E, s)

(x +1)°<+1 (ﬁzp(s) + 31[337”(5))0(
To

H(t, to) f 14()] p(s)ds + H(t, to) w(To)).
to

H(t, s)] ds

H(t,s)|ds <

H(t,s)q(s)p(s) —

It follows that

I [H(E)a(s)p(s) —

1
H(t,tg)

a®  r*t(s)p(s)hSH(Ls)
(x+1)*+1 (ﬁ’zl"(s)"'ﬁlﬁs’”(s))oc

< [1a(®)lp(s)ds + w(Ty)| <, ©)

Take lim sup of (9) as t — oo. Condition(1) gives the desired contradiction in (9).

H(t, s)] ds

which completes the proof.

Investigating the condition (1) in theorem (1), we obtain the following corollary.

Corollary 1.

Suppose that the assumptions in theorem (1) are valid and condition (2.2.1) is replaced by

the conditions

. 1t
lim,_,o, Sup e fto H(t,s)q(s)p(s)ds = o (10)
. 1 t a®  r*F(s)p(s)hEti(t,s)

lim¢seo SUP 7o INACE) («+ D)™+ (B,P(s)+ 1 B37(s))™ ds <o (1)

where hy(t, s) is defined as in Theorem (1) then Eq.(1) is oscillatory.
Theorem 2.

Suppose  the assumptions (4;) — (A4,) are valid, If there exist functions
H € F,¢ € C([ty, ), R) and a positive function p € C([t,, ), (0, o)) such that
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r**1(s)p(s)hSti(t,s)
(B2P(5)+B1B37())"

. 1t
lim,_,o, Sup P fto H(t,s)

a+1

©p,* (S)(ﬁzP(S)+B1/33T(S))
tO a+1 OO’
pa(s) ra (s)

and for every T > t,

lime o SUP 7o )f H(t,$)q(s)p(s) —

a®  r*t(s)p(s)hT(t,s)

ds < oo, (12)

(13)

(c+1)5+1 (B, P(5)+B1 B37(s))"

CH(t,s)|ds = (1),

(14)

where h,(t,s) is defined as in Theorem (1), ¢, (s) = max{@(s),0}. Then Eq (1) is

oscillatory
proof

Suppose that x(t) is anon-oscillatory solution of Eq.(1) without loss of generality,

We may assume that x(t)>0 on [T,, o) for some sufficiently large T, = t,. Define the
function w(t) as in (2) and we get (5), (8). Dividing (8) through by H(t, 7)and taking

lim sup as t — oo,we have.

lim sup

lim sup i [ TG (005

a®  rF()p(s)hSTI(L,s)

(<D (B, P()+B1B5T())

For t > t > T, From condition (14), we have
() <w(r), =T,

and

f H(t,$)q(s)p(s)ds = ¢(Ty),

then, define functions

lim;_, . sup H(tT 5

H(t,s)|ds < w(t) (15)

(16)

(17)

popm—— REIORTTLO)LICLINETE
H(t, Ty) Ty r = (s)px(s)

b(t) = f H(t,s)h,(t,s)|w(s)|ds,

H(tT )T
For t>T,. By (5)and (17), we obtain
limi_infla(t) — b(t)]
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) . P2P(s) + B1P37(s) °‘_+1
= limeinf (t,s ( = Aw(s)|
H(t, To) Jr, r ocl(s)Po((s)
— hy (¢, s)Iw(s)I) ds]

= lim;_ o inf

-1 t
meOH(t, s) <h1(t, s)w(s)|

WAORTN0 ) ]

<F1 Aw(s)[ =
T« (S)p“(S)

from (5)we get

t
j H(t, $)q(s)p(s)ds = H(t, Ty)w(Ty)
T,

0

B2P(s) +ﬁ1ﬁ37”(5) w(s )| }
T« (S)p“(S)

+f H(t,s) {hl(t,S)IW(S)I X1

ma(t,9)lw(s)| - PP BB | (s)|“+1]ds=

T« (S)p°<(5)

— ftH(t, s)

t
H(t, To)w(To) — | H(t,s) q(s)p(s)ds

To

Dividing the last equation through by H(t, Ty)and taking lim;_.sup we have

t

H(t,s)<h1<t.s)|w<s)| A pri)fﬁ BT o )

H(t, To) Jr, r (s)poc(s)
t
= H(t, To) w(T,) — H(t,s) q(s)p(s)ds
H(t, T,) H(t,To) Jr,

t
H(t.s)<h1<t,s>|w<s>| PaP) + Bbar(s) oy 52 )

H(t, To) Jr, r (S)p“(s)

H(t,s) q(s)p(s)ds

1
=w(Ty) — H(TTO)'LO

o limgs, o infla(t) — b(t)] < W(TO)
f H(t,s) q(s)p(s)ds < w(Ty) — @(Tp) <

(18)

— im0 SUPp —— H(tT 5
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Now we claim that

fT (BZPx(fi‘FBlBsr(S))I (S)IO(THdS < ® (19)
O re (s)px(s)
Suppose to the contrary that
fT (BoP($)+f1 B3 () | (s)IMTHdS — oo (20)
O T (s)px(s)
In fact. by the assumption (Hs) there exists a positive constant n such that
infyse, {limt_minf :((:’t?)} >n> 0. (21)
On the other hand, by(20) for any positive number u there exists a 7; > T, such
that
[ PO 1y ()7 < ds >t Forall t>t, (22)
O T (s)px(s)
By using the definition of a(t) and integrating by parts, forall ¢t > 1,
P + oc+1
a(t) = - t,s) (,32 Sj—)l ,31,337”(5))| ()= ds
(& To) Jr, re (s)p(s)
1 t P(s) + x+1
_ Wf H(t, s)d * (B2 Sj—)l ,31,337”( ))l ) du |ds
(¢t, 0) To To ro (s)p«(s)
t
P(s) +
_ - H(t, s) * (B, E:-)1 ﬁ1ﬁ3r(s))
(t,To) Ty r (s)poc(s) To
(')H(t 5) y (ﬁZP(s) + ﬁ1ﬁ3r(s)) otl
H(tT) T lw(s)| = dul| ds
0 r« (s)pfx(s)
S
1 BoP(s) + B ﬁ r(s) w1
" HGTy) H“’”<( PO BT 52
o r (s)p%(s) .
0 TO
“10H (t S) S(/)’zP(s) + .Bl.BBT(S)) X+l
mw) w Iw(s) "= dp| ds
0 T (S)p“(S) ]
1t
B2P(s) + B B r(s) xtl
“O= Ty [T <( PO BBTO, 5 s -7
o r = (5)pR(s) I
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1 |lw(s)| < du

f [aH(t SN (P (IBZP(S) + ,81,337”(5)) “dulds
H(t To) r « (S)p“(S)

_ OH(t, s) s (ﬁzP(s) + ﬁ1ﬁ3r(s)) s}
=0- H(t To) f [ [ oH 1 lw(s)] d,u}ds

r e (s)p(s)

a(t) = 1 ft[ 0H(t, s)] l S(BP(s) + 18371 (s)) ot ‘ds

T lw(s)|[ < du
H(T) ), s (5)p%(s)

By using (2.2.22) we get

) > 1 f l 0H(t, s)] s — WH(t 1)

H(t To) ds nH(t, Ty)

H(t,Tl)
H(t,tg)

From (21), for t; we have lim;, inf >n >0, and ,so there existst, > 1,

H(t,Tl) > H(t,Tl)

such that HTo 2 H(tte)

>n for all t > t,. And therefore we arrive at a(t) > u for
all t= 1, «<and because of 4 be arbitrary positive constant, we conclude that

lim;,e a(t) = o (23)
From (18), consider a sequence {t,}me1 < [To, o) Suchthat lim,,_. t, = o and
lim [a(t,) — b(ty)] = limoinfla(t) — b(8)] <
n—oo

Then there exists constant M such that

a(t,) — b(t,) <M. n=1,2,3,... (24)
It follows from (23)and (24) that

lim,_,, a(t,) = o (25)

lim,,_,, b(t,) = — (26)

Then , by (24) and (25), for all n large enough
b(t,) - M 1
a(ty) — a(ty)

Thus for all n large enough E ”g > =, and therefore

ba+l (tn ) _

Iimn—)oo
a’(t,)

(27)

For b(tn )’ ne {1’2’3,---} , according to Holder's inequality, we have

b(t,) = H(tn, s)hy (tn, s)lw(s)| ds

1 tn
H(tnl TO) Lo
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To

[ ((ﬁzp(S) + BiBar(s)) T W () HET (¢, s)> ( HE 1ty S)r(s)pT1(s) g (£, ) ) .
Ha+1 (£, Tp) r(s)pa+i(s) (B2p(s) + 51'33,(@)@,{%(%, To)

. S( 1 tn(ﬁzms)+ﬁ1ﬁ3r(s>>H<tn.s)|w<s>|a) )

H(tn To) Jr, raTH(s)P%(s)

1
1 j‘n H(t,, s)r**1(s) p(s)h¢*! (t,, s)ds o
H(t,,Ty) 2 (B2p(s) + By Bsr (s))a

and therefore

o’ +a
a+l

b (t,) <[ 1 ‘jﬂ(ﬂzp(s)wlﬂsr(s) M, s ds

) | HGT) 5 % g e e *
(e 11 «
1 PHE 9 0O ) 4 m T)T r e (s)p“(s) ds
HGT)L  (B,P6)+ () " G SBPO) BB ey

bU(t) . 1 FHE, A ()
a’(,)  HT)L  (BPO+AArE)”

b 1 FHESr A (.8
a’(,) ML), (BPE)+AArE)”

for all large n. it follows from (27) that

im L fH&G O EpEON " )y (28)
Hitt) g (BPE) BB (5)"

t

SO

im, sup— L [HEI©pON )y
CUUHUY) | (BPOAEIE)

which contradicts with assumption (12).Thus, we have proved that (20) fails and the

assertion (19) is valid.

Then, it follows from (16) that ¢, (r) <|w(z)|forallz > T, and
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a+l

e e “S)BPE) + BAI Ny o le<s>| HOCAORVAOM

a+l a+l

k r e (s)p“(s) o re (S)p (s)
(29)
which contradicts the condition (13), the proof is completed.

Theorem 3
Suppose assumptions  (A;) — (4,) be valid. if there exists functions
HeF,@ € c([tg®),R) and a positive function p e c'([t,,),(0,0)) such that (13)

in theorem (2)ho|ds and

lim,,,.inf ——~ ( o) j H (t,s)q(s) p(s)ds < oo, (30)
and for every 7 >t,
‘ a®  rs)p(s)hy (L)
BT J P o (o) pprtey [P0

(31)
where h, (t,s) is defined as in theorem (1), then Eq (1) is oscillatory
Proof
Otherwise, let x(t) be anon-oscillatory solution of Eq (1). without loos of generality,
we may assume that x(t)>0 on [Ty, o) for some sufficient large T, > t,. Define the
function w(t) as in (2) and we get (5), (8). Dividing (8) through. by H(t, ) and taking
lim infast — oo, we have

£ |H e aepe) -

¥ 1(s)p(s)hETi(t,s)
(oc+1>vt+1 (B2P(s)+B1Bs7(s))”

lim;_q inf —— = H(t,s)|ds < w(7)

H(t )T
(32)
Then, define functions

1 (BZP(S) + B1Bsr(s ))

H(t, Ty) To rtx;l(s)pm (s)

t
H(tP TO) To
for t>T,, by (5) and (30), we obtain
Eim sup [a(t) — b(t)]

at) = H(t ) w(s)| = ds

b(t) = H(t,s)h,(t,s)|w(s)|ds
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< w(T,) — limy_, ¢ inf—— f H(t,s)q(s)p(s) ds < oo,

H(tT yJT
(33)
It follows (31) and (30) that
t  a®  r(s)p(s)h{t(ts)
lime oo inf s Gy Bor o+ aprer) 0SS <22 &4

Then there exists sequence {t, }n=1 <[ Ty, ) such that lim,_,, t, = o and
1 foa® r(s)p(s)hT (b, 5)
H(tn to) )y, (@ + 1) (B,P(s) + B B37r(s))”

limg e H(t,,s)ds

ftn a® r()p(s)hFt(ty,,s)
to (a+1)%*1 (B,P(s)+p1B37(s))"

Now, suppose that (20) hold we conclude that (19) is satisfied by (35), there exists a

= lim¢__,o inf H(t,,s)ds < oo (35)

H(tn to)

constant M such that (24) is fulfilled, then following the procedure of the proof of
theorem (2), we obtain (28) which contradicts (35). Hence (19) holds. Making use of
(16) and (19), we obtain (29), which contradicts condition (13).

Theorem 4.

Suppose that assumptions (4;) — (A,) be valid if there exist functions
HeF, ¢ € c([ty, ©),R) and a positive function p € c!([ty, ), (0,0)), Such that
(13) and (31) hold, and

+1 a+1
lim;,o inf f RaAOLIOL: L) =H(t,s)ds < o, (36)

to (ﬁzP(S)*‘ﬁlﬁﬂ(s))
where hy(t,s) is defined as in theorem (1), then(1) is oscillatory

H(t to)

Proof

Otherwise, let x(t) be anon-oscillatory solution of. equation (1). Without loos of
generality, we may assume that x(t) > 0 on [T,, o) for some sufficiently large T, > ¢, .
Define the function w(t) as in (2) and we get (5), (8). Dividing (8) through by H(t, t) and

taking lim inf as t — oo, we have

f H(t,s)q(s)p(s) —

a®  rti(s)p(s)hEH(L,s)
(a+1)%*1 (B,P(s)+B1Bar(s))

lim; e me(t A

H(t,s)|ds <w(7)

and therefore
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b°‘+1(tn) f"‘” H(tn, S)r**(s)p(s)hi ™ (tn, S) ds
a*(tn) — H(tn: To) (B.P(s) + 31537”(5))
ft"H(t S)r““(S)p(S)h““(tn,S)
UH(tn, to) (B.P(s) + ﬁlﬁgr(s))
where a(t) and b(t) are defined as in the proof of theorem (2) it follows from (27) that
ftn H(ty, s)r““(s)p(s)h““(tn,s)
n_’oo H(tn' o) (B2P(s) + ﬁ1ﬁ3r(s))

SO
lim inf 1 LH(t, s)r*1(s)p(s)hSTi(e, s)
toe H(t, t) to (ﬁzp(s) + ,81,837'(5))

Which contradicts with assumption (36) the proof is completed
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abstract

The local collectivities have to assure the posts at any levels «like
the local public affairs, especially in the economic development, social
and cultural, area and upgrade the living standard of citizens and
improved the satisfaction of all their General needs. in front of the

diversity of reference of the local groups and multilateral obligations
requiring all availability of financial resources f tohe Autonomous Region
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that allows them to achieve their projects and their objectives in the
context of independence. However, the impact in Algeria does not allow
local collectivities to achieve financial independence, starting from the
growth and development of domestic financial resources which is not
consistent and increasing tasks assigned to it, in addition to the
inappropriate exploitation of the goods of the local groups is another
financial factor.

The actual financial deficit of the local collectivities is the product of
many reasons that contributed to the reduction of its capacity to cover all
the expenses, what obliged it to use the foreign financial resources to
perform the various tasks entrusted to it. despite the diversity of external
financial resources whether loans, grants, subsidies, the local groups does
still not find in the external resources a safe and secure support but only
those subsidies from the State. what imposes to the municipality the
mandate and the custody of the State and that the State controls the
disbursement of the funds provided by but often to the will of the
municipality.
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